Surgical method and rehabilitation
All of patients were first treated by an open synovectomy. All of the total synovectomy were performed by only one surgeon (Cor responding author). After removing as much of the synovium as possible, additional electrocautrization was done at the base and surrounding soft tissues. There was one referral patient who had severe postoperative fibrosis and tethering around the neurovascular bundle in the popliteal fossa, which made it impossible to perform total synovectomy. This patient had additional radiation therapy after surgery. A total of 3,000 cGY radiation therapy was done in fifteen rounds of radiation.
The anterior median parapatella approach and the posterior transpopliteal approach were used to treat 14 patients who had a mass at the knee. If the mass was located both anterior and posterior, the posterior mass was removed first, followed by the removal of the anterior one 6 to 8 weeks later. 5 patients received both the anterior and posterior surgeries. For surgery on the anterior, the curvilinear incision was started 1 to 2 cm above the superior pole of the patella, along the medial margin of the patella (Fig. 1B) . After incising the anterior capsule, the synovium, including the mass, was exposed. En bloc total synovectomy was done when possible. The anterior cruciate ligament, subpatellar fat pad, medial and lateral gutter, and the menici was the region where careful inspection was done, because those are the places where the small foci of PVNS could be neglected. 17, 19) If the patient had a history of arthroscopic surgery, the previous entry portals were also carefully examined.
When using the posterior approach, the prone position was used.
The incision was began 5 cm above the joint line, at the medial corner of the popliteal area, and extended distally until the proximal portion of the gastrocnemius was exposed, such that the incision formed an 'S' shape. The popliteal artery, tibial nerve, and common peroneal nerve were protected during dissection (Fig. 1C) . If possible, a branch of the sural nerve was also saved.
Anterolateral, posterolateral, posteromedial approach were used to achieve total synovectomy at the ankle joint. After preserving superficial peroneal nerve, extensor digitorum longus tendon (Fig. 2 ). There were two cases on the upper extremity. Anterior approach was used to remove the mass on the shoulder (Fig. 3 ) and extended posterior and anterior approach was used to perform total synovectomy at the elbow.
A posterior splint was applied immediately after operation, and removed 2-4 days later when the drain was removed. Rehabilitation started with passive range of motion (ROM) exercises and vigorous active assisted ROM exercises were done by a physiotherapist for 1 month. Especially for the patient who had a surgery at knee, quadriceps strengthening exercises, while sitting on a bed or chair was emphasized.
Assessment
Regular follow-up was done after the surgery at 2 months, 4 months, 6 months, and annually. At every annual follow-up, the functional clinical outcome was assessed by checking pain, range of motion, symptoms, and activity of daily living (ADL), which was suggested by Ogilvie-Harris, 20) as modified from Laurin's proposal ( Table 2) . We compared scores a 3 year follow-up period to pre-operative scores. Recent symptoms and satisfaction with the surgery were checked by telephone interviews.
SAS v. 9.1 (SAS Inc., North Carolina), the chi-square test, the paired t-test, and one-way ANOVA were used for statistical analysis.
Results
There were 7 male and 14 female patients. Females were predominant in a two to one ratio, but this was not statistically significant (p=0.126). The knee joint was the most commonly occurring site (14 cases), followed by 5 cases at the ankle joint, and 2 cases at the upper extremity. 14 patients (66%) complained of a palpable mass at the presentation, which was the most common symptom (Table 3) . Only the one patient had a history of trauma before the initiation of symptoms.
During the follow-up period, which was a mean of 65 months any complications that interfered with their living.
Discussion
Pigmented villonodular synovitis (PVNS) generally occurs in patients in the third or fourth decade of life. [1] [2] [3] [4] 10, 14) The average age of a patient in this study was 34 years, which matched the average age of a previous study. The knee and flexor tendon sheaths of the hand are the most frequent occurring site compare to ankle and shoulder. 1, [4] [5] [6] 10, 21) In this study, 66% (14 cases) occurred at the knee.
According to Myers and Masi, 4) the distribution of PVNS by sex is close to two to one, with a predominance in male patients.
Our study, however, showed a predominance of female cases, by two to one (female: 14 cases, male: 7 cases). Considering that there is also a report of the distribution being equal or opposite, a larger scale study should be done. 4, 10, 14) Palpable mass was the most common symptom at first presentation (66%); only 9% of the patients complained of limitation of motion as the initial symptom. It should be noted that if the mass locates in the popliteal fossa or ankle, it is easy to palpate. In the previous report, swelling and pain were the common presenting symptoms. 2, 6, 10) Even though there is a hypothesis that intra-articular hemorrhage due to recurrent trauma is the cause of PVNS, many studies report that there is little connection between trauma and etiology of PVNS. 2, 4, 5, 10, 22) In this study, there was only one patient who had a history of trauma before the initiation of symptoms.
Several authors have insisted on less extensive approaches for the treatment of diffuse PVNS, but there are reasons why an extensive approach or radical synovectomy with a safe margin has been advocated by many authors, treating PVNS like other malignancy. 2, [5] [6] [7] 11, [13] [14] [15] 17, 19, 21, 22) Although the pathogenesis of PVNS is still unclear, Bertoni et al. 23) reported characteristics of a malignant form PVNS in 8 cases, and Oda et al. 24) published 25) described that PVNS had a decreased apoptotic cell cycle, like other malignancies. Layfield et al. 26) found trisomies in the fifth and seventh chromosomes within tissue of PVNS. These recent findings about cytogenetic abnormalities, in the form of monoclonalities and chromosomal abnormalities, supports the malignant pathogenesis of PVNS. Addition to that, clinical findings of its local invasiveness, destruction of major joints, and frequent recurrence after the surgery have been the most concerning problems when dealing with PVNS. [6] [7] [8] 11, 14, 17, 19, 22) Recurrence rate after surgery is reported in 8-48% of patients when diffuse-type PVNS occurs at knee. 2, 3, 5, [9] [10] [11] When PVNS is in the hand, the reported recurrence rate varies from 7-45%. 2, 3, 16) There have been several reports of a low recurrence rate when arthroscopy and adjuvant radiation therapy are used, although those methods are generally considered to be appropriate for treating the localized form or biopsy. 17, 20, 27) Due to the limitation of surgical exposure, arthroscopic removal is not suitable for diffuse-type or extra-articular type PVNS, as in the patients in this study. 17, 19) 47% ( Additionally, it was determined by telephone interview that if patients were satisfied with the surgical results, they have decreased anxiety about recurrence.
There have been reports of satisfactory results from radia tion therapy as adjuvant therapy, though radiation has drawbacks. 12, 16) There is the possibility of sarcomatous change after radiation or post-radiation fibrosis, which might obscure findings of recurrence. These changes also increase the difficulty of re-operation.
Bickels et al. 18) reported full thickness necrosis after using the radio isotope Yttrium-90 in a patient with PVNS of the ankle joint, which led to a cessation of the use of radioisotopes for adjuvant therapy.
Although it needs demanding surgical skills to perform total synovectomy, there were satisfactory surgical outcomes without radiation therapy with the condition that complete resection with a total synovecmy. 5, 7, 14, 15, 22) Atmore et al. 13) and Kotwal et al. 16) both reported that compared to surgery alone, adjuvant radiation therapy is not advantageous. Flandry et al. 15) reported that it is not necessary to perform additional radiation therapy if total synovectomy is done. According to these reports, adjuvant radiation therapy should not be a routine procedure, if a surgeon performs adequate total synovectomy. We limited radiation therapy to patients with recurrence after total synovectomy, or those who had subtotal synovectomy.
We performed total synovectomy on all patients when it was possible, which resulted in all but one having total synovectomy, as for that patient it was impossible to perform total synovectomy due to anatomic reasons. Additional electrocautrization was done at the base and surrounding soft tissues instead of radiation therapy. We expected the thermal effect of electrocautrization to remove remnant pathology. During the follow-up period, of an average of 65 months, there was one (8.3%) recurrence at the knee. It was pathologically confirmed and re-operation was done, and a total of 3,000 cGy of radiation therapy was also applied. Similar to the Chin et al. 17) and Sharma et al. 22) reports, our study shows a comparably low recurrence rate without using radiation therapy.
Considering there is no established treatment protocol for diffuse-type PVNS, our surgical outcome supports that complete total synovectomy at initial operation is the key step in successful treatment.
